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METHOD OF MANUFACTURING LARGE
STEEL RINGS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/621,191, filed Nov. 18, 2009, now U.S. Pat.
No. 8,217,526, which claims the benefit of U.S Provisional
Patent Application No. 61/115,602, filed on Nov. 18, 2008
and U.S. Provisional Patent Application No. 61/158,148, filed
Mar. 6, 2009, both of which are incorporated by reference as
if fully set forth herein.

FIELD OF INVENTION

This invention relates to a gearless vertical axis wind tur-
bine with bearing support and power generation at its perim-
eter.

BACKGROUND

Power companies need smooth, dependable power. Their
experience is almost entirely with fossil fuel, hydroelectric
and nuclear energy sources which have very predictable out-
puts of electricity. As the percentage of electricity generated
by wind power increases so will the amount of variability that
they need to account for. The necessary spinning reserve
turbines, which can be fired up quickly when the wind dies,
represent an inefficiency and direct cost that reduces the mar-
ginal value of wind energy. Many resources are currently
being spent trying to develop storage technologies which
would enable spreading the power more evenly across time.
So far, only compressed air storage and pumped hydro-stor-
age have the capacity to practically time shift wind energy.
Unfortunately, these means are very inconvenient to imple-
ment and inefficient.

Wind turbines employ two basic principles to capture
energy from moving air. Aerodynamic turbines use low pres-
sure lift; impulse turbines use drag. The differentiating factor
between the two is the blade tip speed. For aerodynamic
turbines, the blade tip speed is a multiple of the wind speed. In
contrast, an impulse turbine can never spin faster than the
wind speed. An anemometer, an often used device for mea-
suring wind speed, is an example of an impulse type device.
Conventional horizontal axis wind turbines (HAWTs) are an
example of aerodynamic turbines with tip speeds reaching
100 meters per second (m/s) or 400 miles per hour.

Recent engineering and technical development in modern
HAWTs have resulted in driving their efficiencies to around
35%. The theoretical maximum efficiency is limited by “Betts
law” to 59%. A wind turbine cannot be 100% efficient as this
would imply that the air exiting the turbine would have zero
velocity and so would prevent other air from flowing through
the turbine.

Efficiency factors are also misleading in that they presume
a certain wind speed which is usually not accurate. For
instance a HAWT may have a 30% efficiency for the wind
speed of 14 m/s, but will not even spin, meaning it would have
zero efficiency with a 5 m/s wind. This would be an example
of'what appears to be logical optimization of the wind turbine
specifications. The energy in wind is a cubed function of its
velocity and so optimizing wind turbine efficiencies for high
wind speed results in large megawatt ratings. This is also the
number that is used to describe how big a wind farm is, as in
it is a 200 or a 400 Megawatt (MW) wind farm.
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According to the National Renewable Energy Laboratory
(NREL) wind resource map of the continental United States,
the best wind resources appear to be class 3 and 4 winds over
the Rocky Mountain and Great Plains states. Class 3 and 4
winds represent a yearly average of 6.7 m/s and 7.25 m/s
respectively at 50 m above ground. If the average wind speed
is 7 m/s, wind speeds of 14 m/s are not likely to happen even
a quarter of the time, once factoring in the capacity factors.
Capacity factors are based on the power curve for the particu-
lar wind turbine and wind speed data from the proposed site
that the turbine will be placed on and are typically claimed to
be 25 to 30%. The current paradigm of HAWTs are designed
to have their highest efficiencies in the higher wind speed
ranges, which makes sense in the context of the velocity
cubed section of the wind power equation. The goal is to be
most efficient when there is the most energy to harvest. This
results in high MW ratings for the turbines but results in low
capacity factors, meaning that the turbine will generate its
rated capacity only a small fraction of the time. This results in
“peaky power”, that is, most of the power is made over a
relatively short period of time.

The high tip speeds of HAWTs mentioned above create
another disadvantage for the large, conventional aerodynamic
turbines. A 100 m swept area has a 314 m circumference and
at 20 revolutions per minute (rpm), the tips travel 104 m/s.
This is a fundamental limitation on the scalability of HAWT.
The tip speed for larger swept areas is limited by the speed of
sound and the specific strength of the blade material to with-
stand the centrifugal forces. This speed presents a fundamen-
tal risk for birds and from fatigue forces over time causing
catastrophic blade failure. In the aerodynamic design, the
blades are a relatively small percentage of the swept area,
making it inviting for birds to try to fly through. The blade
design is also the main reason that the aerodynamic design
needs a relatively high wind speed just to start to spin. Com-
bined with the friction from the gearbox and bearing systems,
HAWTs are not effective in low wind speeds.

Wind speed is seldom constant and since the tip speed of a
conventional HAW'T is a multiple of the wind speed, there is
significant variation in the speed of the rotor. This causes huge
“on again-off again” loads that stress the longevity of gear
boxes. Additionally, the speed change is on the wrong end of
the gear box, which then increases the speed of the rotor 100
times. Consequently, a small change in the speed of the rotor
will result in a large change in the speed at the generator.
These factors combine to make the frequency of current gen-
erated highly variable and erratic. As a result, this requires
expensive electricity to condition the grid. In most cases
alternate current (AC) asynchronous generator current is rec-
tified to direct current (DC). Then, the DC is inverted back to
AC three-phase 60 Hz digitally (as a sine wave in little steps).
There are capital costs, efficiency losses, cooling systems,
power quality problems and maintenance issues that must be
borne with this method.

When the focus of the industry changes from the MW
rating of the turbine to useful load matching, there will be
more interest in turbines optimized for average wind speeds.
Vertical axis wind turbines (VAWTs) in an impulse configu-
ration have a relatively high efficiency in lower wind speeds
because of their higher blade areas and percentage of swept
area. Although not as efficient, this design will make power
most of the time the wind is blowing. This is more desirable
for power companies and mitigates the need for time shifting
or storing wind generated electricity.

The capital costs and the reliability of the gearboxes
needed to step up the speed of the main shaft to a speed which
is useful for generating electricity are other factors in wind






